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ABSTRACT 
 
Background: Neonates born with low birth weight or preterm are at an increased risk of 
long-term adverse health outcomes. Research studies on the association of fish 
consumption during pregnancy and birth outcomes, have led to inconsistent conclusions. 
Maternal dietary intakes during pregnancy have a significant impact on foetal development 
and growth. The aim of this project is to determine levels of maternal fish intake at <18 
weeks during pregnancy and to determine the association with birth outcomes in pregnant 
women from Johannesburg, South Africa. 
Methods: This Master‘s study is nested in a larger study with a longitudinal observational 
research design was conducted on 250 pregnant women in Johannesburg, South Africa. For 
this Master‘s study, data from the first 102 participants were used.  Data for this study were 
collected early in pregnancy (<18 week‘s gestation) and at birth. The birth data were 
collected by the study mid-wife. Maternal fish consumption during early pregnancy was 
measured using a Quantitative Food Frequency Questionnaire (QFFQ). Correlation analysis 
was used to examine the association between maternal fish consumption during early 
pregnancy and neonatal anthropometry (birth weight, crown heel length and head 
circumference) and gestational age at birth.  
Results: Majority (88.1%) of the mothers were black South Africans between the ages of 18 
and 39 with a mean age of 28 ± 5 years.  At enrolment, the mean BMI of the women was 
27.8±5.8kg/m2 having a mean height of 158.8±6.7cm and a mean weight of 70.4±15.2kg. 
Most of them were unmarried (45.4%), living in households of 2 – 5 members (86.3%), 
wage-earning (44.6%) and had Grade 11 or 12 schooling (58.4%).  Most (76.5%) of the 
pregnant women consumed fish rarely (once a month) and the overall median fish intake 
was 4.8g/day (0; 25). In the study sample 12.5% of new-borns had a low birth weight 
(<2500g), the percentages of preterm births were 1.0% - extremely preterm (<28 weeks), 
2.0% - very preterm (28 – <32 weeks) and 10.0% - moderate to late preterm (32 – 37 
weeks). The mean birth weight was 2999.2±624.4g with boys having a mean birth weight of 
3157.3±571g and girls at 2819±671g. The new-borns‘ mean gestational age at birth was 
38.8±2.4weeks (271.6days). The percentage of new-born head circumference ≤ 31.49cm 
was 9.2% and the mean head circumference was 34.3±3.6cm with the boys having a mean 
head circumference of 34.5±2.4cm and the girls 34.1±4.3cm. In this study sample, 3.7% of 
new-borns were born with crown heel length of 31 – 40cm and the mean crown heel length 
mean was 49.5±4.6cm with the boys having a mean crown heel length of 49.8±4.9cm and 
the girls having mean crown heel length of 49.3±4.3cm. In this study, there were no 
vi 
 
statistically significant associations between fish consumption at early pregnancy and birth 
outcomes such as gestational age at birth (r=0.051; p=0.625), birth weight (r=-0.043; 
p=0.695) and crown heel length (r=0.008; p=0.943). There was a positive association 
between maternal fish consumption in early pregnancy and head circumference of the new-
born which tended towards statistical significance (r=0.193; p=0.079). 
 
Conclusions: In this study of pregnant women living in Johannesburg, a few women 
consumed fish at early pregnancy compared with women who did not consume fish during 
pregnancy. We found no statistically significant association in this study between fish 
consumption at early pregnancy and birth outcomes.  
Key words: Maternal, Nutrition, Fish Consumption, Pregnancy, New-Born, Birth Weight, 
Crown Heel Length, Head Circumference, Gestational Age at Birth and Quantitative Food 
Frequency Questionnaire (QFFQ).  
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DEFINITIONS LIST 
Preterm birth:  preterm birth can be defined as babies born alive before 36 weeks‘ 
pregnancy are completed (i.e. <37 weeks gestation). This is divided into three groups based 
on gestational age at birth, namely extremely preterm (<28 weeks), very preterm (28 to 32 
weeks) and moderate to late preterm (32 to 37 weeks) (WHO, 2015). 
Low birth weight: low birth weight can be defined as birth weight less than 2500g. It is one 
of the main predictors of adverse perinatal outcomes and death (Chen et al, 2013). There 
are categories of LBW such as very low birth weight (VLBW) and extremely low birth weight 
(ELBW) (Fayed, 2016 & Ballot et al, 2012).   
Very low birth weight: VLBW can be defined as birth weight less than 1500g (Koller-Smith 
et al, 2017; Hornik et al, 2012)  
Extremely low birth weight: ELBW can be defined as birth weight less than 1000g 
(Cutland et al, 2017; Natarajan et al, 2012).  
Gestational age: the American Academy of Pediatrics (2013) defines gestational age as 
―the time elapsed between the first day of the last normal menstrual period and the day of 
delivery‖. Gestational age is used to describe foetal age at birth (Boyle et al, 2012; 
Srinivasjois et al, 2015; Oken et al, 2003). 
Early term pregnancy: Early term pregnancy can be defined as the new-born delivered 
between 37 weeks 0 days and 38 weeks, six days (ACOG, 2013). 
 
Full term pregnancy: Full term pregnancy can be defined as the new-born delivered 
between 39 weeks and 40 weeks, six days (ACOG, 2013). 
 
Late term pregnancy: Late term pregnancy can be defined as the new-born delivered 
between 41 weeks and 41 weeks, six days (ACOG, 2013). 
 
Post term pregnancy: Post term pregnancy can be defined as the new-born delivered 
between 42 weeks and beyond (ACOG, 2013).  
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CHAPTER 1 
INTRODUCTION 
1.1 Introduction 
Maternal nutrition concerns the nutritional needs and intake of women during the time they 
are pregnant and breastfeeding and also may refer to nutrition prior to pregnancy (Huffman 
et al, 2001). Many major foetal body structures are formed during early pregnancy. Maternal 
nutrition is important during this time because the maternal body stores the nutrients needed 
and provides the environment for the growth and development of a new human being 
(Rolfes et al, 2012). Furthermore, foetal nutritional exposures have shown to have long term 
health consequences. Epidemiological studies of new-born and adult mortality have 
supported this and the Developmental Origins of Health and Disease originated (Wadhwa et 
al, 2009). The hypothesis explains the relationship between adult death rates and nutrient 
variations in early life. Foetal nutritional exposure may affect the growth pattern of the foetus 
at different stages of development (Barker et al, 1993). This may result in low birth weight 
and risk of diseases as an adult (Bloomfield et al, 2006; Barker et al, 1993). Longitudinal 
studies of men and women around the world confirmed an association between low birth 
weight and coronary heart disease (Barker, 2007).   
 
Maternal nutrition has been a global challenge as both developed and developing countries 
are faced with under and over-nutrition which calls for urgent attention [United Nations 
International Children's Emergency Fund (UNICEF) (2009)]. Unbalanced or inadequate 
maternal nutrition may lead to various complications and poor birth outcomes such as low 
birth weight, premature birth, neural tube defects, macrosomia, foetal facial and heart 
abnormalities (Leddy et al, 2008), mental retardation, impaired mental and physical 
development (Kapil, 2007), anaemia (Ladipo, 2000), foetal alcohol syndrome (Ornoy & 
Ergaz, 2010) and development of diabetes later in life (Guelinckx et al, 2008).  
Globally, an estimated 15 million babies are born preterm every year with the prevalence 
ranging from 5% to 18% of live births across 184 countries [Word Health Organization 
(WHO) (2018); Ferre et al, 2016)]. Preterm birth is the leading cause of death in children 
below the age of five. According to WHO (2018) ―more than 60% of preterm births occur in 
Africa and South Asia‖. Risk factors for preterm birth are disease, poor maternal nutrition, 
disaster, divorce, loss of employment (Scorgie et al, 2015) teenage and unplanned 
pregnancy (Chigona & Chetty, 2008).  
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1.2 Problem statement and Motivation 
Birth outcomes are the category of measures that describe health at birth of which birth 
weight is most often used. Additional newborn assessments used to assess birth outcomes 
are gestational age, Apgar score, size for gestational age and live/still birth (Hayatbakhsh et 
al, 2011). Birth weight has been identified as an essential predictor of health at population 
level specifically. Low birth weight, preterm birth, and intrauterine growth restriction (IUGR) 
have all been recognised as components of major adverse birth outcomes (Abu-Saad & 
Fraser, 2010). These adverse birth outcomes represent the principal causes of neonatal 
death among children born without hereditary abnormalities (Bhutta et al, 2005; Scholl & 
Johnson, 2000); likewise, increased health care costs, quality of life and development of the 
new-born may be attributed to the adverse birth outcomes (Abu-Saad & Fraser, 2010). 
Low birth weight (LBW) (<2500g at birth) specifically is known as a risk factor for adverse 
outcomes such as higher incidences of mortality and chronic disease; increased hospital 
costs and impaired growth (Muthayya, 2009). According to Slyker et al, (2014) preterm birth 
is as an important predictor of health outcomes for the infant. Twenty eight percent of global 
neonatal deaths have been accounted to preterm birth through direct and indirect mortality 
(Slyker et al, 2014). Later in life, preterm birth is associated with both short and long term 
adverse health outcomes such as increased risk of chronic diseases such as diabetes and 
cardiovascular disease (Derraik et al, 2016; Ota et al, 2014). 
 
Optimal maternal nutritional status during pregnancy is essential because of the high nutrient 
demands and the critical role of the nutrients for both the developing foetus and the mother 
because maternal nutritional status during pregnancy has been regarded as an important 
determinant for foetal growth (Godfrey & Barker, 2007). Likewise, nutrients found in foods 
perform different functions in the growth of the developing foetus. Some nutrients are 
obtained from limited food sources, for example long chain polyunsaturated fatty acids 
(LCPUFA) from fatty fish, crustaceans, mollusks, meat, egg, milk, flax seed, soybean and 
canola oil (Abedi & Sahari, 2014; Gogus & Smith, 2010) and may be lacking in monotonous 
diets. 
Similarly, there are indications that positive foetal neuro-developmental outcomes are 
associated with fish intake during pregnancy which was supported by seven of eight articles 
reviewed by Starling et al (2015) and Daniels et al (2004). South African data on maternal 
fish consumption is scarce. 
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Therefore, this research study will provide information on maternal fish intake during early 
pregnancy; and the association between different levels of maternal fish consumption and 
birth outcomes of pregnant women attending antenatal care in Johannesburg, South Africa. 
1.3 Aim and objectives  
1.3.1 Aim of the study 
The aim of this study is to determine levels of maternal fish intake during early pregnancy 
and to determine any association with selected birth outcomes in pregnant women from 
Johannesburg, South Africa. 
1.3.2 Objectives of the study 
The objectives of this project are: 
 To assess types and levels of maternal fish consumption during early pregnancy. 
 To examine the association between maternal fish consumption levels during early 
pregnancy and neonatal anthropometry, specifically birth weight and head 
circumference. 
 To examine the association between maternal fish consumption levels during early 
pregnancy and gestational age at birth. 
 
1.4 Significance of the study 
This research study provided information on the association between dietary intake, 
specifically fish intake during early pregnancy, and birth outcomes such gestational age at 
birth, birth weight, head circumference and crown heel length of the new-born. It will further 
supply insight on the association between dietary intake during early pregnancy and major 
adverse birth outcomes such as low birth weight, preterm birth, and intrauterine growth 
restriction (IUGR) which are the major causes of neonatal death among children born 
without hereditary abnormalities. 
Likewise, this research study will provide information on dietary intake, specifically fish 
consumption, of South African pregnant women of which there is a paucity of information. 
Furthermore, limited information is available regarding the association of dietary practices in 
pregnancy women and the birth outcomes.  
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1.5 Limitations of the study 
This research study is limited to the city of Johannesburg. Therefore, the results of this study 
cannot be applied to all pregnant women in South Africa but could allow for comparison in 
similar urban settings.  
Dietary recall methods (Quantitative food frequency questionnaires) are dependent on the 
participants‘ memory and cannot estimate deliberate under- or over reporting (Moghames et 
al, 2016; Shim and Kim, 2014). 
 
1.6 Background of the study  
This Master‘s research project is a sub-study of a larger project, entitled: Nutrition during 
Pregnancy and Early Development, the NuPED study. The larger project involves team 
members from the University of Witwatersrand, University of South Africa (UNISA) and 
North-West University (NWU). The aim of the larger study is to assess dietary intake and 
nutritional status of urban pregnant women in Johannesburg, South Africa; to determine 
associations with birth outcomes, measures of maternal health, as well as measures of 
offspring health and development. Participants in the larger study (n=250) are assessed at 
<18, 22 and 36 weeks‘ gestation as well as at birth.  
 
1.7 Structure of Dissertation 
Chapter 1 supplies the background of the study. Chapter 2 focuses on the literature 
available relevant to the topic. Chapter 3 presents the research methods. The results of the 
study are reported and discussed in Chapter 4. Chapter 5 supplies conclusions drawn from 
the study as well as relevant recommendations.  
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CHAPTER 2 
LITERATURE REVIEW 
2.1 Introduction 
Pregnancy is an exceptional period in a woman‘s life in which a woman carries a growing 
foetus in her uterus for approximately 40 weeks (NIH, 2017). The role of nutrition when a 
woman becomes pregnant and during pregnancy has a significant influence on foetal health, 
but also on infant and maternal health outcomes (WHO, 2013).  
Maternal nutrition during pregnancy is essential for pregnant women to provide adequate 
nutrients and oxygen for foetal health and its survival because inadequate foetal nutrient 
supply may lead to poor foetal growth and development (Rocco et al, 2005; Westenberg et 
al, 2002).  
Poor nutrition status during pregnancy may increase the risk of prenatal complications such 
as low birth weight (LBW), preterm birth, preeclampsia, gestational diabetes mellitus (GDM), 
IUGR, prenatal and infant mortality and morbidity (Daba et al, 2013; Widen & Siega-riz, 
2010; Rocco et al, 2005) placing foetus and mother at risk. Type 2 diabetes mellitus (T2DM) 
and obesity complications during pregnancy may contribute to the offspring developing these 
conditions later in life (Barger, 2010; Blumfield et al., 2012). 
Foetal adaption and response to insufficient nutrition during pregnancy may permanently 
alter the function and structure of the body (Daba et al, 2013). For example, comprehensive 
studies done on malnutrition and foetal programming, show that maternal nutrition is 
specifically important in the metabolic pathways during the pre- and postnatal development 
and maternal diet lacking vital nutrients may be responsible for permanent brain alterations 
(Castrogiovanni & Imbesi, 2017). 
Nutrition during pregnancy has been shown to predict birth outcomes (Abu-Saad and Fraser, 
2010; Bang and Lee, 2009). ―Birth outcomes are a category of measures that describe 
health at birth‖ (Hatchell et al, 2016). The birth outcomes, such as birth weight, gestational 
age, Apgar score and size for gestational age, may predict a child‘s current and future 
morbidity (Gavin et al, 2012; Hayatbakhsh et al, 2011).  
Maternal dietary patterns high in vegetables, fruit, pulses, fish and dairy products are 
considered to be high in protein and several key vitamins and minerals, which are 
associated with healthy birth outcomes (Tanha et al, 2013). The following sections will 
discuss the role of nutrition during pregnancy on the health of the growing foetus.  
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2.2 Dietary requirements during pregnancy 
Optimal nutrient supply during pregnancy is vital for suitable foetal growth and development 
(Grieger & Clifton, 2014). The dietary requirements during pregnancy increase because of 
the high nutrient demands of both the mother and the growing foetus (Sharlin & Edelstein, 
2011). This research study limits itself to the literature available on the nutrients that are 
available in fish and which are needed in higher quantities during pregnancy than in non-
pregnant women: carbohydrates, protein, energy, folate, vitamin B12, vitamin A, vitamin D, 
iron, zinc, calcium, phosphorus, magnesium and essential fatty acids.  
2.2.1 Carbohydrates 
The fast growth rate of the developing foetus requires sufficient amounts of energy, mainly in 
the form of glucose (Sharlin & Edelstein 2011). Insufficient carbohydrate intake during 
pregnancy may lead to poor foetal growth. The recommended daily allowance (RDA) for 
carbohydrate during pregnancy is 175g/day while 130g/day is recommended for non-
pregnant women (Rolfes et al, 2012; Sharlin & Edelstein 2011). Dietary sources high in 
carbohydrates include whole grains, vegetables, fruits, milk, and milk products (Meyer et al, 
2000).  
However, if a mother develops diabetes while she is pregnant or enters pregnancy with 
preexisting diabetes, a mild restriction of dietary carbohydrate may be recommended, 
especially for refined carbohydrates (Magon & Seshiah, 2011; Sharlin & Edelstein 2011). In 
addition, it is essential for her to work closely with a health-care team in order to provide 
adequate but not too much glucose to ensure optimal growth of her baby (Magon & Seshiah, 
2011; Sharlin & Edelstein 2011).   
2.2.2 Protein 
Sufficient protein is needed during pregnancy for foetal development, enzyme formation, and 
muscle and collagen development. The framework of skin, bones, blood vessels and other 
body tissue requires collagen (Sharlin & Edelstein 2011; Picciano, 2003). Protein is also 
essential for maternal physical changes to carry the foetus. Inadequate protein intake during 
pregnancy may lead to foetal growth retardation and LBW (Borazjani et al, 2013; Liberato et 
al, 2013). The Dietary Reference Intake (DRI) of protein for pregnant women is 1.1g/kg/day 
or an additional 25g/day while 0.8g/kg/day (46g/day) is the reference for non-pregnant 
women (Rolfes et al, 2012 p. 443; Sharlin & Edelstein 2011). Dietary sources high in protein 
are fish, meat, eggs, poultry and dairy products (Sharlin & Edelstein 2011). 
In special populations, such as women experiencing severe nausea and vomiting, 
vegetarians, vegans and low-income women experiencing food insecurity, protein intake 
should be cautiously monitored for protein quality and sufficiency during pregnancy. If the 
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pregnant woman does not consume high-quality sources of protein which contain all 
essential amino acids, such as those obtained from animal sources, she should be 
encouraged to eat a variety of plant-based foods to ensure that all essential amino acids are 
available to the foetus (Sharlin & Edelstein 2011; Dwyer, 1991).   
2.2.3 Fats and Lipids 
Adequate fat is required in the maternal diet for more than only a source of energy. Certain 
fats, such as long chain polyunsaturated fatty acids (LCPUFA), cannot be synthesized in the 
human body and are therefore essential. Thus, the type of fatty acids consumed is important 
to the various functions in different physiological systems.  
Fat is also a source of concentrated calories and may be helpful to women at risk of energy 
malnutrition during pregnancy. Excess dietary fat is not recommended during pregnancy 
because it may lead to unwanted weight gain above the recommendations for pregnant 
women, since 68% of the South African women are overweight or obese (SADHS, 2016; 
Shisana et al, 2013; Borazjani et al, 2013; Vorster et al, 2013). Likewise, it may lead to 
cardiovascular disease and risk of diabetes especially if intake is high in saturated fat 
(NASEM, 2017). The Acceptable Macronutrient Distribution Range (AMDR) for fat intake for 
all people (including pregnant women) is 20% to 30% of the total calories intake (Rolfes et 
al, 2012; Sharlin & Edelstein 2011). The South Africa food based dietary guidelines also 
recommends that total fat intake must provide 20-30% daily energy intake for two years and 
above for ideal health (Vorster et al, 2013). However, there are controversies over the 
dietary fat recommendations because of their different roles in human health. According to 
Aranceta and Pérez-Rodrigo (2012) ―recommendations vary between countries regarding 
the levels of fat intake advised, the process followed to set the recommendations‖ while 
many recommendations do not include a recommendation for the cholesterol intake which 
shows that there is a gap in the available evidence (Aranceta & Pérez-Rodrigo 2012; 
German & Dillard 2004). However, fat consumption during pregnancy should emphasize 
sources that supply the essential fatty acids and choline, a component of phospholipids 
essential for healthy brain function (Sharlin & Edelstein 2011).  
2.2.3.1 The essential fatty acids  
Even though many different fatty acids are needed for good health in humans, mammalian 
cells cannot synthesize all of them (Grosso et al, 2014; Monroig et al, 2013). The essential 
fatty acids which should be obtained from the diet include linoleic acid (LA, omega-6) and 
alpha-linolenic acid (ALA, omega-3) (Almaas et al, 2015; Ros, 2010). Human cells are able 
to desaturate and elongate LA and ALA (18-carbon chain fatty acids) to form the long chain 
polyunsaturated fatty acids (LCPUFA) arachidonic acid (AA) and EPA, respectively (20-
carbon chain fatty acids) and ultimately DHA (22-carbon chain) (see figure 2.1). Thus, if LA 
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and ALA are deficient in the diet, the LCPUFA may also be deficient. However, the efficiency 
by which the conversion is taking place in human metabolism is still uncertain (Amjad Khan 
et al, 2017; Alhazzaa et al, 2013). Therefore, the recommendations to obtain the specifically 
LCPUFA from the diet and not only the shorter chain precursors. There are limited dietary 
sources of LCPUFA such as fatty fish, crustaceans, mollusks, and limited amounts in meat, 
eggs, milk, flax seed, soybean and canola oil (Abedi & Sahari, 2014; Gogus & Smith, 2010).  
LCPUFA such as DHA and arachidonic acid (AA) are essential for the foetal central nervous 
system (Almaas et al, 2015; Coletta et al, 2010), cell membrane formation, hormone 
formation and for development of brain and eye tissue (Sharlin & Edelstein 2011; Coletta et 
al, 2010). The foetal brain is largely made-up of lipid material, and therefore essential fatty 
acids are required for its growth, function and structure (Rolfes et al, 2012). 
Monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) differ 
structurally in their number of carbon-carbon double bonds. The PUFA contain two or more 
double bonds (therefore not saturated with hydrogen atoms) within the molecule, while the 
MUFA only one double bond. The PUFA can be classified by their chemical structure in 
omega-3 and omega-6 fatty acids. The omega-3s refers to a group of PUFA in which the first 
double bond is 3 carbons from the methyl end (the omega carbon atom of the molecule); 
while the omega-6 double bond is at the 6th carbon from the methyl end (Grosso et al, 2014).  
The recommended intake of essential fatty acids is higher for pregnant women than for non-
pregnant women because of its critical role in the building of the foetal brain, retina and 
nerve tissues (Daniels et al, 2004). Between 400 and 550mg of omega-3 PUFAs (EPA and 
DHA) is recommended per day for pregnant women (Swanson et al, 2012; Greenberg et al, 
2008) while 250mg of omega-3 PUFAs (EPA and DHA) is recommended per day for non-
pregnant women (GOED, 2014).  
In general, essential fatty acids are associated with lower blood pressure and decreased risk 
of sudden death, heart attack, abnormal heart rhythms and stroke (Mozaffarian & Wu, 2011; 
Minihane, 2005; Kris-Etherton et al, 2002). The intakes of these fatty acids are associated 
with a lower risk of diabetes, dementia and Alzheimer‘s disease (Rylander et al, 2014). In 
pregnancy, increased intake of omega-3 fatty acids may reduce the risk of depressive 
symptoms in the postpartum period because omega-3 fatty acids may decrease 
proinflammatory cytokine production, which may be elevated in depressed patients, since 
the pregnant women supply omega-3 fatty acids to the foetus during pregnancy which may 
lead to the reduction of maternal stores of omega-3 fatty acids during pregnancy (Markhus et 
al, 2013; Coletta et al, 2010; Jensen, 2006; Freeman, 2006). The ratio of omega-3 to 
omega-6 fatty acids intake has been shown to be important (Simopoulos, 2016). 
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The modern diet has an imbalance of omega-3 to omega-6 fatty acids, with a higher omega-
6 intake. This has been associated with preterm birth (McGregor et al, 2001). The 
combination and quantity of essential fatty acids are therefore important for healthy birth 
outcomes and health in later years. 
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Figure 2.1: The biosynthetic pathways of long-chain polyunsaturated fatty acids (Abbadi et 
al, 2004).   
2.2.4 Total energy 
During pregnancy, intake of nutrient-dense foods should be increased and prioritised while 
empty-energy foods should be minimized because they provide extra energy without the 
required micronutrients (Sharlin & Edelstein 2011; Picciano, 2003). The total energy DRI for 
pregnant women is higher than for non-pregnant women The DRI supplies total energy 
references for each trimester. No additional energy is required for the first trimester; an 
additional 1428kJ is required for the second trimester and 1898.4kJ for the third trimester 
(Sharlin & Edelstein 2011; Butte et al, 2004; Trumbo et al, 2002).  
2.2.5 Fluid  
Fluid intake during pregnancy needs to be increased in order to provide for maternal fluid 
needs and increasing amniotic fluid; increased blood volume, to maintain body temperature, 
to transport nutrients and waste products, to moisten of the digestive tract and tissues and 
for cushioning and protection of the developing foetus (Wright et al, 2010; Sharlin & 
Edelstein 2011; Story & Hermanson, 2000).  Water is also a source of fluoride, which assists 
in the bone formation of the foetus. Pregnant women must avoid water that contains heavy 
metals, such as lead, because it may contribute to spontaneous abortion, gestational 
hypertension, reduced stature and deficient neurodevelopment (ACOG, 2013; Brown & 
Margolis 2012; Montgomery, 2002).  
2.2.6 Folate 
Folic acid is the synthetic form of folate. The production of neurotransmitters in the 
manufacturing of DNA cells in early pregnancy requires folate. (Hisam et al, 2014; Sharlin & 
Edelstein 2011; Almeida & Cardoso 2010). The RDA of folate for pregnant women is 
600µg/day while 400µg/day is recommended for non-pregnant women of childbearing age 
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(Rolfes et al, 2012; Sharlin & Edelstein 2011). Good food sources include dried beans, 
avocados, peas, bananas, green leafy vegetables, orange juice, asparagus and fortified dry 
cereals (Sharlin & Edelstein 2011). 
Importantly, supplementation of 400µg/day of folic acid in preconception and early 
pregnancy seems to be sufficient in preventing neural tube defects such as spina bifida and 
anencephaly (Grieger & Clifton, 2014; Sharlin & Edelstein 2011). Spinabifida happens when 
there is only a partial closure of the spinal column and spinal cord whereas severe 
underdevelopment of the brain is referred to as anencephaly. Folic acid supplementation is 
recommended for women of child-bearing age (capable of becoming pregnant) because 
neural tube defects occur during the first 28 days of pregnancy; at this time most women do 
not know they are pregnant (Rolfes et al, 2012; Cavalli, 2008; Blom et al, 2006). The South 
African Department of Health, through the food fortification programme has included folic 
acid among the nutrients to be added to maize meal and bread flour (staple foods) with the 
aim to improve the micronutrient status of the South African population; the food fortification 
programme shows a positive result because there was a decline on the prevalence of neural 
tube defect in South Africa (Hoddinott, 2018; Sayed et al, 2008) and Sayed et al, 2008 state 
that ―30.5% was observed, from 1.41 to 0.98 per 1,000 births‖. Sufficient intake of folic acid 
during pregnancy prevents maternal deficiency and reduces the risk of birth defects (Hisam 
et al, 2014; Sharlin & Edelstein 2011; Almeida& Cardoso 2010). 
2.2.7 Vitamin A 
Vitamin A is required during pregnancy for foetal development because of its critical 
contribution to growth, cell differentiation and protein synthesis. Inadequate intake of vitamin 
A during pregnancy may result to night blindness for pregnant women (Christian et al, 2000). 
Vitamin A deficiency during pregnancy may lead to an increased risk of maternal mortality 
and it is also associated with LBW, premature birth, antepartum haemorrhage and IUGR 
(NASEM, 2017; Ladipo, 2000). Vitamin A may be obtained from a variety of foods in the form 
of either vitamin A or beta-carotene (provitamin A carotenoids). Animal foods are the only 
source of vitamin A, while plant foods are the source of beta-carotene (NASEM, 2017). The 
RDA for vitamin A for pregnant women is 770µg/day while 700µg/day is for non-pregnant 
women. Dietary sources of vitamin A include fish, meat and milk while dietary sources of 
beta-carotene include darkly coloured fruits and vegetables (orange, mango, carrot and 
spinach), as well as oily fruits and red palm oil (NASEM, 2017; Tang et al, 2009). Since 
vitamin A is a fat-soluble compound, dietary fat is required for its absorption (Rolfes et al, 
2012). 
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2.2.8 Vitamin D 
An adequate level of vitamin D is very important during pregnancy for foetal development 
because it helps to build and maintain strong bones and teeth (NASEM, 2017; Grieger & 
Clifton, 2014; Sharlin & Edelstein 2011). There is increasing evidence that vitamin D also 
plays a vital role in preventing cancer, autoimmune diseases, influenza, type 1 diabetes, 
heart disease osteoporosis and depression (Mozos & Marginean 2015; Nair & Maseeh 2012; 
Sharlin & Edelstein 2011).  Inadequate levels of vitamin D during pregnancy may lead to 
foetal rickets, neonatal tetany and abnormal teeth development (NASEM, 2017; Ladipo, 
2000). The human body, through the action of sunlight, can synthesize vitamin D from 7-
dehydrocholesterol. The metabolism of vitamin D is influenced by the colour of the skin 
(Mostafa & Hegazy, 2015). However, vitamin D can be obtained from diets and supplements 
(NASEM, 2017).  The RDA for both pregnant and non-pregnant women is 15µg/day (Grieger 
& Clifton, 2014; Rolfes et al, 2012; Sharlin & Edelstein 2011). Fatty fish (sardine, salmon, 
and mackerel), fish liver oil, fortified milk, liver and egg yolks are all good dietary sources of 
vitamin D (NASEM, 2017; Grieger & Clifton, 2014; Sharlin & Edelstein 2011). 
2.2.9 Vitamin B12 
In pregnancy, vitamin B12 is vital for healthy functioning of the nervous system, 
manufacturing of red blood cells and genetic material (Bonillaet al, 2012; Sharlin & Edelstein 
2011). Insufficient intake of vitamin B12 during pregnancy and lactation may cause neurologic 
damage in children (Kocaoglu et al, 2014; Black, 2008). The RDA for pregnant women is 
2.6µg/day and for non-pregnant women 2.4µg/day (Rolfes et al, 2012; Sharlin & Edelstein 
2011). Dietary sources of vitamin B12 include fish (especially oily fish), meat, dairy products, 
eggs, fortified cereal (high fibre bran flakes) and fortified non-dairy milk (soy milk) (Bonilla et 
al, 2012; Vanderjagt et al, 2011). 
2.2.10 Iron 
Iron, is a component of haemoglobin, which allows red blood cells to carry oxygen and it is 
an essential nutrient (Grieger & Clifton, 2014; Sharlin & Edelstein 2011). Iron furthermore 
plays a vital role in oxidation-reduction reactions during metabolism and in pregnant women, 
it is essential to compensate for the increasing blood volume (Sharlin & Edelstein 2011). 
Inadequate iron intake during pregnancy may increase the possibility of adverse birth 
outcomes such as preterm birth and LBW (Grieger & Clifton, 2014). It may cause iron-
deficiency anaemia which has been associated with maternal mortality (Ladipo, 2000). The 
DRI for iron during pregnancy is 27mg/day while the recommendation is 18mg/day for non-
pregnant women (Rolfes et al, 2012; Sharlin & Edelstein 2011). Good dietary sources of iron 
include red meat, poultry, seafood, eggs, nuts, legumes, spinach, whole wheat, broccoli, 
nuts and seeds (Samaniego-Vaesken et al, 2017; Stewart, 2006; Hunt, 2003). 
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2.2.11 Zinc 
Adequate zinc intake during pregnancy is important because of its role in the immune 
system development, especially in the first trimester when foetal organs are formed (Shah & 
Sachdev, 2006). It is also a structural component of cells making zinc vital for cell growth, 
development and differentiation (Wang et al, 2015; Hirano et al, 2008). Insufficient zinc 
intake during pregnancy may affect the immune response because of its consequences in 
reductions in T cell development, thymic hormone release, and T cell functions (Ladipo, 
2000). Likewise, adverse pregnancy outcomes such as stillbirth, foetal neural tube defects, 
preterm birth and spontaneous abortion have been associated with zinc deficiency during 
pregnancy (Wang et al, 2015; Graham et al, 1994; Scholl et al, 1993; Buamah et al, 1984). 
The RDA for zinc during pregnancy is 11mg/day while 8mg/day is for non-pregnant women 
(Rolfes et al, 2012; Sharlin & Edelstein 2011; Grieger & Clifton, 2014). Good dietary sources 
of zinc include fish, beef, veal, pork, lamb, lentils, beans, fortified maize meal and fortified 
white and brown bread flour (Tietz, 2006; Ma & Betts, 2000).  
2.2.12 Calcium 
Adequate intake of calcium during pregnancy is necessary for foetal bone formation and 
maintains maternal skeletal structure (Grieger & Clifton, 2014; Sharlin & Edelstein 2011). 
Inadequate intake of calcium during pregnancy may lead to reduced maternal bone density, 
which may result in maternal osteoporosis later in life (Heringhausen & Montgomery, 2005; 
Prentice, 2000). The South Africa Department of Health National Guidelines for Maternity 
Care in South Africa (2015) recommends calcium supplementation during pregnancy as part 
of the prevention of pre-eclampsia complication (GMCSA, 2015). The RDA/DRI for calcium 
is 1000mg/day for both pregnant and non-pregnant women (Rolfes et al, 2012; Sharlin & 
Edelstein 2011). Dietary sources of calcium include sardines with bones, milk, cheese, leafy 
green vegetables and yoghurt (Sharlin & Edelstein 2011). 
2.2.13 Magnesium 
Over 300 enzymes in the body use magnesium as a cofactor. Insufficient magnesium intake 
during pregnancy is associated with an increased risk of premature labour, preeclampsia, 
prolonged pregnancy-induced hypertension and placental dysfunction (Zarean & Tarjan, 
2017) and developing of both gestational and type 2 diabetes (Barbagallo & Dominguez 
2007). The RDA of magnesium during pregnancy is between 350 and 400mg/day and 
between 310 and 360mg/day for non-pregnant women (Rolfes et al, 2012). A good dietary 
source of magnesium includes legumes, peanuts, nuts, wheat germ and bran (Sharlin & 
Edelstein 2011). 
In brief, an adequate, varied diet is essential for foetal growth and healthy birth outcomes 
and must be given special attention during pregnancy in order to prevent possible adverse 
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effects. As indicated in chapter 1, fish consumption of pregnant women is the focus of the 
next section. 
2.3 Fish Consumption 
Fish and fishery products produced a much-appreciated source of vital micronutrients and 
protein for balanced nutrition and sound health. In 2009, global consumption of fish 
accounted for 16.6% and 6.5% of all worldwide protein intakes (FAO, 2018). Internationally, 
fish offers almost 3.0 billion people with approximately 20% of their intake of animal protein, 
and 4.3 billion people with nearly 15% of such protein (FAO, 2018). In South Africa, 
20.8g/person/day (7.6kg/capita/year) raw fish products are consumed and 12.5g/capita/day 
edible portions (cooked product) are consumed (Schonfeldt & Hall, 2013). 
Fish is generally low in saturated fats, carbohydrates and cholesterol. It is considered a good 
source of  high quality protein, polyunsaturated omega-3 fatty acids (only in specific fish 
species),  selenium, iodine, vitamin D and B2 (riboflavin), calcium, phosphorus, potassium, 
iron, magnesium and zinc  (Brantsæter et al, 2017; Leventakou et al, 2014; FAO, 2012). 
Although average per capita fish intake may be little, even negligible quantities of fish can 
have a positive significant nutritional impact by providing fats, micronutrients and essential 
amino acids that are rare in plant-based diets. Fish consumption plays a role in health, not 
specific to pregnancy only. The American Heart Association recommends consumption of 
fish at least two times per week to lower blood pressure and to reduce the risk of a heart 
attack or stroke (Kris-Etherton et al, 2003) which is mainly attributed to the fact that fish is a 
source ―omega-3 fatty acids known to reduce the likelihood of blood clotting‖ (Fernandes et 
al, 2012). Dietary intake of fish in women may inhibit cataract development, loss of cognitive 
function and psychological syndromes such as depression and psychotic symptoms 
(Fernandes et al, 2012). There is sufficient evidence of the beneficial effects of fish 
consumption in relation to coronary heart disease (Béné et al, 2009), stroke, age-related 
macular degeneration and mental health (Mora et al, 2009). In addition, there is convincing 
evidence of the benefits in terms of growth and development especially in women during 
pregnancy and in children and infants for optimal brain development (Marangoni et al, 2016; 
Bogard et al, 2015; Hiddink et al, 2011). 
2.3.1 The role of dietary fish intake during pregnancy 
Fish and other seafood serve as the main dietary source for elongated omega-3 PUFA 
including DHA, a vital structural component of the brain (Bloomingdale et al, 2010; Oken et 
al, 2008). Sufficient intake of these fatty acids through fish intake may also protect against 
other adverse perinatal and longer-term outcomes such as preterm birth, low birth weight, 
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stillbirth, neonatal death, gestational diabetes, hypertension, and maternal deaths (Mitao et 
al, 2016; Bloomingdale et al, 2010; Clausson et al, 2001). 
In addition, iron and long chain omega-3 fatty acids (EPA and DHA) through dietary intake of 
fish during pregnancy may be beneficial to the development and function of the nervous 
system in a foetus (Elias & Innis, 2001; Kesmodel et al, 2002) as well as cognitive 
development experienced later by the child (Daniels et al. 2004; Hibbeln et al, 2007; Oken et 
al. 2008).  
Equally, maternal homeostasis, foetal neurological development, placental formation and 
processes associated with normal gestational progress as well as maternal and paediatric 
health involved intake of essential fatty acids such as omega-3 fatty acids during pregnancy 
(Genuis, 2008).  Increased likelihood of early labour may occur if there is an insufficient 
omega-3 fatty acids intake during pregnancy. (Genuis, 2008; McGregor et al, 2001).  
A small case-control study conducted at the Swedish Medical Centre in the United States 
indicated that preeclampsia maybe developed 7.6 times if pregnant women intakes of 
omega-3 fatty acids is low during pregnancy (Genuis, 2008; Williams et al, 1995). 
According to Coletta et al, (2010) ―deprivation of omega-3 fatty acids during pregnancy is 
associated with visual and behavioural deficits that cannot be reversed with postnatal 
supplementation‖. From the above reasons, adequate omega-3 fatty acids need to supply to 
foetus throughout the pregnancy (Jensen, 2006). Balanced diet both in omega-6 and 
omega-3 fatty acids might be less immunosuppressive and inflammatory (Coletta et al, 
2010). 
There is abundant literature signifying the general health of adequate omega-3 fatty acids 
consumption. These include a diminished risk of various diseases such as breast cancer 
(Genuis, 2008; Maillard et al, 2002), osteoporosis (Genuis, 2008; Genuis and 
Schwalfenberg, 2007), heart disease (Bucher et al, 2002), arthritic problems (Genuis, 2008; 
Kremer et al, 1990), psychiatric illness (Zboyan et al, 2000), and Alzheimer‘s disease (Morris 
et al, 2003). 
Therefore, the consumption of fish during pregnancy may be beneficial in terms of maternal 
and foetal health; this was in line with the recommendation for the Norwegian pregnant 
women (Brantsæter et al, 2012). 
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2.3.2 Types of fish and its nutritional value 
Fish can be classified based on their nutritional value (see Table 2.1). Fish such as 
pilchards, sardines, tuna, salmon, Green land halibut, mackerel, herring, eel and halibut are 
classified as fatty fish. Cod, coalfish, tusk, hake, haddock, European perch and European 
plaice are classified as lean fish (Mohanty et al, 2016; Grygus, 2013). The fish listed in Table 
2.1 allows for comparison of nutrient content for fish available locally and internationally.  
Fish commonly consumed in South Africa includes herring, sardines, tuna, salmon, 
mackerel, and hake (Schonfeldt & Hall, 2013). 
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Table 2.1: Nutritional value of selected fish per 100g 
 
(Fisheries and Aquaculture Industry Research Fund, 2010; Langenhoven et al, 1991) 
RDA - Recommended Dietary Allowance for pregnant women of reproductive age (18 - 39 years) 
Mg - Magnesium  
MUFA - Mono-unsaturated fatty acids 
PUFA - Poly-unsaturated fatty acid
Fish Protein 
(g) 
Fat 
(g) 
MUFA (g) PUFA(g) Vitamin D 
(µg) RDA 15 
Vitamin B2 
(mg) RD 1.4 
Calcium (mg) 
RDA 
1000-1300 
Iron (mg)  
RDA 27 
Mg (mg) 
RDA 350 - 
360 
Zinc (mg) 
RDA 11 
Fatty fish 
 
Pilchard in brine 
 
20.0 5.4 1.09 2.13 8.0 0.47 360 3.6 31 1.60 
Pilchard in tomato sauce 
 
18.8 5.4 1.09 2.13 8.0 0.29 300 2.7 39 1.60 
Sardines, canned in oil (drained solid) 
 
24.6 11.5 3.87 5.15 7.28 0.23 382 2.9 39 1.31 
Sardines, canned in tomato sauce 
(drained) 
16.4 12.0 3.67 4.30 6.79 0.23  2.3 34 1.40 
Tuna, canned in oil (drained solid) 29.1 8.2 2.95 2.89 7.40 0.14 13 1.4 31 0.90 
Salmon 
 
19.7 10.5 3.21 3.36 8.0 0.14 12 0.4 28 0.4 
Greenland halibut 17.6 15.6 7.16 2.55 11.4 0.08 8 0.1 19 0.4 
Mackerel 18.5 24.4 9.66 6.52 12.5 0.36 12 0.9 27 0.6 
Herring 17.0 19.0 5.59 7.83 11.5 0.30 38 1.0 38 0.5 
Eel  17.3 31.5 13.9 5.8 30.0 0.04 35 0.4 15 20 
Halibut 16.2 10.4 0.86 1.2 18.0 0.08 6 0.2 16 0.3 
Lean fish 
Tuna, canned in water (drained solid) 25.5 0.8 0.16 0.34 0 0.07 11 1.5 27 0.77 
Cod 18.1 0.6 0.04 0.25 1.4 0.11 8 0.1 29 0.5 
Coalfish 16.5 0.3 0 0.01 0.8 0.20 8 0.1 22 0.7 
Tusk 16.1 0.3 0.04 0.05 0 0.15 37 0.1 23 0.4 
Haddock 16.6 1.0 0.16 0.38 0.7 0.11 19 0.1 27 0.3 
European perch 18.1 0.9 0.31 0.16 0.8 0.07 110 0.6 26 0.8 
European plaice 13.4 1.5 0.31 0.57 6.6 0.09 34 0.1 19 0.6 
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Fish contain typically 0.1- 31.5g lipids per 100 g of flesh (see table 2.1) (Venugopal & 
Shahidi, 1996). Lean fish are fish with a low fat content ranging from 0.1 to 2.9% (Murray & 
Burt 2001; Langenhoven et al, 1991) and most of its fat is deposited in the guts (Engeset et 
al, 2015). It contains more iodine and less energy compared to fatty fish. In addition, lean 
fish, such as cod, are a good source of protein (Rylander et al, 2014).  
Fatty fish are fish with high fat content and different profiles of fatty acids ranging from 11 to 
30% (Langenhoven et al, 1991) and its fat is found intramuscularly (Engeset et al, 2015; 
Venugopal and Shahidi, 1996). It is an excellent source of omega-3 fatty acids, specifically 
EPA and DHA (Kris-Etherton et al, 2002). 
2.3.3 Essential fatty acids in fish 
 The primary producers of DHA are the marine microalgae and the concentration of DHA 
increases in the food chain with these microalgae at the base (Mohanty et al, 2016). 
Globally, fatty fish such as mackerel, tuna, sardines, pilchard and herring are the main 
dietary sources of EPA and DHA (Abedi and Sahari, 2014; Zivkovic et al, 2011; Gogus & 
Smith, 2010). Table 2.1 indicates which types of fish are high in PUFA. 
 
Fatty fish is therefore considered a healthy food option (Mohanty et al, 2013). This is 
because these oils especially those rich in omega-3 fatty acids, may intervene in prevention 
and modulation of certain diseases such as heart disease, high blood pressure, diabetes 
and cancer  that are common in many populations (Sahena et al, 2009; Mohanty et al, 
2016).  
Fish oils are common dietary supplements (Albert et al, 2015). In the United States in 2012, 
7.8% (18.8 million) adults used fish oil / omega-3 / DHA, EPA fatty acids as supplement 
among adults who consumed dietary supplements (NCCIH, 2017). South African literature 
on fish oils consumption among adults is scarce. 
2.3.4 Controversy over fish consumption during pregnancy 
Fish may be a recognised means of exposure to pollutants such as dioxins, polychlorinated 
biphenyls (PCBs), methylmercury, and other heavy metals (Oken et al 2013; Turunen et al, 
2010; Costa & Fattori, 2010).  
According to Sidhu (2003) ―PCBs and dioxins are lipophilic, so high levels may be found in 
the adipose tissue of fatty fish‖. Thus, fish PCBs content may be reduced by 12 – 40% 
through removing skin, cooking and trimming fat (Mozaffarian & Rimm, 2006). However, the 
fat in fish is also rich in the essential fatty acids and fat-soluble micronutrients. Furthermore, 
fish is an important dietary source of selenium, which may offer some protection against 
mercury toxicity (Ralston & Raymond 2010) because selenium binds to methylmercury, 
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making it unobtainable to the brain (Ralston, 2008). In addition, mercury and PCBs were 
poorly associated with birth weight (Taylor et al, 2016; Grandjean et al, 2001). Foran et al, 
(2005) ―developed a risk ratio relating cancer risk and other diseases with the cumulative 
exposure to organic contaminants and to the omega-3 contents present in fish‖ but the risk 
contaminants was outbalanced by the omega-3 fatty acid benefits to health (Fernandes et al, 
2012; Grandjean et al, 2001). Therefore, fish consumption is still recommended during 
pregnancy. 
2.4 Association between maternal fish consumption and birth outcomes 
The birth outcomes of interest to this study include gestational age at birth and newborn 
anthropometry (specifically birth weight and head circumference).  
High intake of fish has been associated with health benefits in the general population. 
LCPUFA and other numerous nutrients found in fish make it a healthy food option for 
humans. In a Norwegian study, increasing fish consumption from 0–1 times per month, 2–3 
times per month, 1–3 times per week, 4–6 times per week and 1–2 times per day in adults 
have been associated with incremental lower risk of metabolic syndrome and healthy 
metabolic profile (Tørris et al, 2016). In addition, consuming fish may be protective against 
certain cancers, lowering the risk of coronary heart disease (due to improved lipid profile) 
(Chapman et al, 2011), death or sudden death in adults (Pieniak et al, 2008).  
The nutrients found in fish, specifically PUFA, protein, selenium, iodine, and vitamin D, are 
also considered to be beneficial for foetal growth and development (Starling et al, 2015; 
Thorsdottir et al, 2004). Maternal fish consumption during pregnancy has shown to lower the 
risk of preterm birth and associated increased newborn birth weight (Lauterbach et al, 2018; 
Drouillet et al, 2009; Muthayya et al, 2009; Grandjean et al, 2001) and length (Guldner et al, 
2007). In contrast, some studies have reported lower foetal growth indices (or small for 
gestational age) with associations of higher intake of seafood or EPA and DHA during 
pregnancy (Halldorsson et al, 2007; Oken et al, 2004). These has been ascribed to possible 
pollutants consumed with fatty fish. Also in a study of Danish pregnant women, no 
association was found with growth measures and fish consumption during pregnancy 
(Heppe et al, 2011; Halldorsson et al, 2007; Knudsen et al, 2006). An observational study in 
the United States found an inverse association between maternal fish consumption and 
foetal growth and no association was observed with length of gestation (Halldorsson et al, 
2007; Oken et al, 2004). Likewise, a prospective cohort study from early pregnancy onwards 
in The Netherlands with a low fish consumption population found no consistent associations 
of total fish consumption and consumption of different types of fish with foetal growth 
characteristics (Heppe et al, 2011; Halldorsson et al, 2007; Knudsen et al, 2006). The 
21 
 
literature shows inconsistencies in the results, which have been attributed to different types 
of fish, such as lean fish, fatty fish and shellfish as well as pollutants accumulating in fatty 
fish.  
The following sections will discuss the current literature on fish consumption and the birth 
outcomes of interest to this study. 
2.4.1 Maternal fish consumption and gestational age at birth 
As indicated in chapter 1, gestational age describes foetal age at birth (Boyle et al, 2012; 
Srinivasjois et al, 2015; Oken et al, 2003) while birth weight is the first weight of the foetus 
obtained shortly after birth (WHO, 2006; De Bernabé et al, 2004). Both gestational age and 
birth weight as birth outcomes are important determinants of neonatal and infant survival 
(Gebremedhin et al, 2015; Sharma et al, 2015; Kemfang Ngowa et al, 2014 and Shalini & 
Vipul, 2010). The below paragraph will discuss the association between intake of fish during 
pregnancy and gestational age at birth.  
LBW is an essential determinant of perinatal survival, infant morbidity, and mortality as well 
as the risk of developing disabilities and illnesses in later life and LBW can be caused by 
preterm birth and poor maternal nutrition before and during pregnancy (Gebregzabiherher et 
al, 2017; Sharma et al, 2015; Ramakrishnan, 2004).  
Consuming fish more than once a week during pregnancy has been associated with a lower 
risk of preterm birth (Olsen et al, 2018; Brantsæter et al, 2017; Hack et al, 2002). A possible 
biological mechanism responsible for the reduction in risk of preterm delivery is due to 
elevated levels of PUFA that prevent the synthesis of dienoic prostaglandins F2α and 
prostaglandins E2 (Facchinetti et al, 2005). According to Hong et al, (2016) ―prostaglandins 
(PGs) are considered the universal mediators of parturition‖ and amniotic fluid is the key 
source of PGE2 and PGF2α. Elevated levels of LCPUFA ―may prolong gestation by 
inhibiting the production of the prostaglandins that seem to play a part in parturition, cervical 
ripening, and initiation of labour‖ (Brantsæter et al, 2017; Starling et al, 2015; Rogers et al, 
2004; Allen & Harris, 2001) (see figure 2.2). 
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Figure 2.2: Possible biological mechanism by which fish consumption during 
pregnancy is associated with reduced risk of preterm delivery. 
2.4.2 Maternal fish consumption and neonatal anthropometry 
Birth weight is the weight of the newborn obtained within the first hour after birth (WHO, 
2006). A number of previous studies suggest that high maternal consumption of seafood 
during pregnancy  is associated with increased birth weight (Taylor et al, 2016; Starling et al, 
2015; Leventakou et al, 2014; Brantsaeter et al, 2012; Muthayya et al, 2009; Allen & Harris 
2001). In addition, ―besides birth weight, neonatal head circumference has been positively 
related to maternal fish intake‖ (Brantsæter et al, 2012; Drouillet et al, 2009; Thorsdottir et al, 
2004).  
Consuming enough fish or omega-3 fatty acids during pregnancy may prolong gestational 
age and increase foetal growth rate (Larsen et al, 2016). DHA decreases the 
thromboxane/prostacyclin synthetic ratios through possible biological mechanism for the 
improved foetal growth rate (Heppe et al, 2011; Drouillet et al, 2009). Reduced ratios of 
thromboxane has been link to improved placental blood flow resulting in an increased foetal 
growth rate (Rogers et al, 2004) (see figure 2.3).  
 
  
 
 
Figure 2.3: Possible Biological Mechanism by which fish intake during pregnancy is 
associated with increased birth weight  
According to Muthayya et al, (2009) ―fish intake, particularly in the third trimester, is closely 
associated with birth weight‖ and pregnant women consuming fish before pregnancy and 
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during pregnancy have been associated to give birth to infants with increased birth weight 
(Drouillet-Pinard et al, 2010; Drouillet et al, 2009).  
The consumption of fish by France pregnant women for at least five times in a month had 
significant impact in neonatal birth weight and fish consumption by pregnant women more 
than nine times in a month increased the neonatal birth weight by 169g (Droulliet et al, 
2009). 
Furthermore, omega-3 fatty acids found in fish increases the neonate‘s birth weight in 
pregnant women who smoke. Smoking during pregnancy is known to cause a reduction in 
birth weight and omega-3 LCPUFA counter the effect of oxidative stress damage on foetal 
tissues (Zheng et al, 2016; Bernstein et al, 2005). 
Therefore, moderate consumption of fish during pregnancy may lower the risk of preterm 
birth and may increase newborn birth weight, which may especially benefit developing 
countries, which account for greater than 50% of global preterm and LBW cases 
(Ramakrishnan, 2004).  
2.5 Conclusion  
Although there are some controversies over the recommendations of fish consumption 
during pregnancy, the nutritional contribution of fish during pregnancy providing essential 
fatty acids plays an important role in foetal, infant and maternal health. Nutritional health 
benefits of fish consumption during pregnancy may be of help to the current global 
challenges on neonatal birth outcomes such as preterm birth, low birth weight, stillbirth, 
neonatal death and maternal deaths. Preterm birth is the leading cause of death in children 
below the age of five (WHO, 2015), which may be preventable. In addition, the general 
population should be educated on the nutritional health benefits of fish consumption (such 
as EPA and DHA). The health benefits of fish consumption may be of help in reducing the 
development of diseases associated with the deficiencies of the nutrients found in fish.  
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CHAPTER 3 
RESEARCH METHODOLOGY 
3.1 Background 
This Master‘s research project is a sub-study of a larger project, entitled: Nutrition during 
Pregnancy and Early Development, the NuPED study. The NuPED study is using a 
longitudinal observational research design and the aim is to assess dietary intake and 
nutritional status of urban pregnant women in Johannesburg, South Africa and to determine 
associations with birth outcomes, maternal health and offspring health. This larger project 
involves team members from the University of Witwatersrand, University of South Africa 
(UNISA) and North-West University (NWU). 
The aim of this Master‘s project (sub-study) is to determine levels of maternal fish intake at 
early pregnancy and their association with birth outcomes of pregnant women in 
Johannesburg, South Africa. In this chapter, the research methodology used to collect the 
necessary data was described. 
3.2 Study Design 
A longitudinal observational research design was used in order to reach the study aim. 
However, the dietary intake data obtained once in early pregnancy allowed for cross-
sectional analyses as well.  
3.3 Study Area 
The Republic of South Africa (RSA) has nine provinces which includes Gauteng. The study 
was conducted in the city of Johannesburg, the provincial capital of Gauteng province (see 
figure 3.1). It is the largest city in South Africa, also known as Jozi, Jo ‗burg, or Egoli. (World 
Population Review, 2017). In 2017, Johannesburg‘s population was estimated at 9,823,000 
which consist of 76.4% Black African, 12.3% White, 5.6% Coloured, and 4.9% Indian/Asian 
residents (World Population Review, 2017).  
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Figure 3.1 Map of Gauteng province (Hypertext, 2014) 
3.4 Study Setting 
The study participants were recruited from four primary healthcare clinics in regions B and C 
of the city of Johannesburg (see figure 3.2) as well as the antenatal clinic of a tertiary 
healthcare facility, namely Rahima Moosa Mother and Child Hospital (RMMCH) (also 
situated in region B). Data collection took place at the antenatal clinic of RMMCH in 
Johannesburg.  
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Figure 3.2: The seven regions of the City of Johannesburg (Hypertext, 2014)  
3.5 Study Population and Sampling 
3.5.1 Study Population 
The study population includes all pregnant women attending antenatal care for the current 
pregnancy at different clinics of regions B and C in the City of Johannesburg. The primary 
health care clinics where recruitment took place are Zandspruit, Bosmont, Sophiatown and 
Florida clinics as well as the antenatal clinic of RMMCH.  
3.5.2 Sample and Sampling Method 
The participants were sampled by means of consecutive sampling, thus, all accessible 
women at the recruitment site formed part of the sample. The researcher or the nurse, who 
was also trained and served as part of the field worker explained the study to all pregnant 
women in the waiting area. Those interested, were screened individually in a private setting 
according to inclusion and exclusion criteria (see the next paragraph). After screening, those 
eligible to be included were invited to take part in the study and referred to RMMCH for 
further antenatal care, signing of written informed consent and data collection on a specific 
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date. Those not eligible received a thank you note which included guidelines for healthy 
living during pregnancy. 
The participants that were included in the research study met the following criteria: 
confirmed pregnancy at less than18 weeks‘ gestation (as confirmed by ultrasound 
sonography); those who were planning to deliver the baby at RMMCH; those born in South 
Africa, Lesotho, Swaziland, Zimbabwe, Botswana or Namibia and able to communicate 
effectively in one of the following languages: English, Afrikaans, Sotho, Zulu or Xhosa. The 
following women were not included in the research study on the basis of confounding factors 
for the outcome variables (low-birth weight and premature birth): less than 18 years of age 
and greater than 39 years of age; multiple pregnancy; women using illicit drugs (self-
confessed); smoking (current and/or in past year); known non-communicable diseases 
(NCDs) namely diabetes, renal disease, high cholesterol and hypertension; known infectious 
disease such as tuberculosis and hepatitis; and known serious illness namely cancer, lupus 
or psychosis. HIV status was not an inclusion or exclusion criteria. 
3.5.3 Sample Size 
The sample size for this project was N = 102 pregnant women. The larger study had a 
sample size of 250 participants based on statistical power determination. However, 
considering time limitations for a Master‘s study, the analyses of this study was limited to the 
first 102 participants enrolled in the study. 
3.6 Methods of Data Collection 
Larger study sample were assessed four times throughout the pregnancy. The first phase 
data collection was done in early pregnancy (<18 weeks), the second phase at ±22 weeks 
gestation and the third phase at ±36 weeks gestation. Each assessment took between 1.5 – 
2 hours per person for the first three phases. The fourth and final phase took place at birth. 
All the study assessments were done at assigned private spaces in the antenatal clinic 
(ANC) while the assessments performed by the nursing staff were done in consulting rooms. 
Table 3.1 summarises the assessments relevant for this study. The data collection process 
is summarised in Figure 3.3. Data collected for the first and final phases were used in this 
study. 
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Table 3.1: Schedule of study activities during pregnancy 
 
*: Medical history from Maternity Case Record to determine adverse outcomes or change in health 
status 
 
 Phase 1 data collection 
 Phase 4 data collection 
 
Visit number (phase) 1 4 
Approximate gestational age <18 weeks 40 weeks (Birth) 
Informed consent
 
X  
Medical history* X X
 
Socio-demographics X  
Ultrasound screen (for confirmation of gestational age) X  
Quantitative food frequency questionnaire X  
New born anthropometrical measurements  X 
New born assessment  X 
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Figure 3.3 Simplistic diagram of the data collection process 
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In order to reach the research objectives, the type of data collected were socio-demographic 
data and medical history for descriptive purposes (and determining confounding factors); 
dietary intake data to determine fish consumption; foetal assessment by means of 
ultrasonography to determine gestational age; neonatal anthropometry and new-born 
assessment to determine if the birth was via natural vaginal delivery (NVD) or caesarean 
section (CS). Seven different types of questionnaires and forms were used in order to obtain 
the data relevant to this study. These will be described in more detail in the following 
sections. 
3.6.1 Diet History  
The pregnant women‘s usual dietary intake was determined by means of the quantitative 
food frequency questionnaire (QFFQ) during an interview with trained fieldworkers at <18 
weeks. The QFFQ was designed to capture habitual dietary intake, pregnant women fish 
intake were assessed within 45 – 60 minutes. The QFFQ was validated for the population in 
the Transition and Health during Urbanisation of South Africans (THUSA) study (MacIntyre 
et al., 2001a) and its reproducibility was proven (MacIntyre et al., 2001b; Wentzel-Viljoen et 
al., 2011). The QFFQ questions include intake of 140 food items to determine the overall 
diet. Fourteen questions were asked about fish and fish products. Participants were 
requested to recall how often and how much of the listed foods and drinks were consumed in 
the last four weeks.  
This was done as an interview in a quiet room. Dietary kits (see Figure 3.5) with food 
models, picture books, measuring tools etc. was used to identify food portion sizes. 
Participants were asked to describe the food, preparation method, time, place and amount of 
food which was recorded in the QFFQ by the trained fieldworkers (see Appendix 1). 
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Figure 3.5: Two dietary kits used for data collection in the NuPED study 
3.6.2 Socio-Demographic information 
The participant‘s socio-demographic information was obtained by means of a socio-
demographic questionnaire. This included the Living Standards Measure (LSM) as 
developed by the South African Audience Reference Foundation (SAARF) (LSM, 2014; 
SAARF, 2001). The LSM divides the population into 10 groups; it ranges from 10, as the 
highest and 1, as the lowest and an online calculator was used to determining the LSM 
(LSM, 2014). Participants were asked information about their population group, date of birth, 
home language, country of birth, highest formal education, marital status, employment status 
and the number of people in household. This was interviewer administered and recorded in 
the socio-demographic questionnaire by the trained fieldworkers (see Appendix 2). 
3.6.3 Obstetric Ultrasonography Information 
The larger study obtained ultrasound data at all three phases. The first phase was used to 
determine the participant‘s gestational age through ultrasonography examination performed 
by an obstetrician or sonographer and was captured on the study obstetric ultrasonography 
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form by the obstetrician or one of the researchers during the sonographic examination (see 
Appendix 3). This study included single, live pregnancies at <18 weeks gestation.  
3.6.4 Medical History  
The participant‘s medical history was assessed from the participant‘s maternity case record 
at <18 weeks and at birth. This was recorded in the medical history form by the trained 
fieldworkers (see Appendix 4). 
3.6.5 Neonatal Anthropometry Information 
Neonatal anthropometry such as birth weight, crown heel length (CHL), mid arm 
circumference (MAC) head circumference (HC), thoracic circumference (TC) (Symington et 
al, 2018) were measured and recorded by the study mid-wife. If the measurements could not 
be taken within 24 hours after birth, the hospital records were used to obtain the 
anthropometrical measures. All scales in the labour ward and theatre were calibrated. The 
data were recorded in the study‘s neonatal anthropometry form (see Appendix 5). 
3.6.6 New-born Assessment 
The new-born was assessed after delivery by the study mid-wife in the delivery room. Data 
captured included new-born date of birth, time of birth, gender, gestational age, use of 
resuscitation, total Apgar score, mode of delivery and problems encountered during delivery. 
The data were recorded in the study‘s new-born assessment form (see Appendix 6). 
3.7 Birth Assessments 
The birth assessments were conducted after delivery on the new-born by the study mid-wife 
in the delivery room and data were recorded in the study‘s neonatal anthropometry form (see 
Appendix 6). The new-borns were assessed at birth using World Health Organisation (2006) 
standard on neonatal birth weight, crown heel length, head circumference, mid-upper arm 
circumference and thoracic circumference. All the measurements were taken twice and the 
averages were used for the analyses.  
 
3.8 Statistical Data Analysis 
All data apart from the dietary data were captured in Statistical Package for Social Sciences 
(SPSS) IBM version 23 (2015). The dietary data were captured in a Microsoft Excel (2010) 
spread sheet for further analyses by the South African Medical Research Council. However, 
for the purposes of this study, the required data were extracted from Excel for statistical 
analyses. Descriptive statistical analysis was done on socio-demographic data (population 
group, home language, country of birth, formal education level, marital status, employment 
status, number of people living in household and living standards measure).  Results are 
presented as frequencies and percentages in tables. 
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Association between maternal fish consumption during early pregnancy and the following 
birth outcomes were analyzed using Spearman correlations: Neonatal anthropometry viz: 
birth weight, crown-heel length, head circumference and ggestational age at birth. 
 All data was analysed using Statistical Package for Social Sciences (SPSS) with statistical 
significance set at p < 0.05. 
 
3.9 Quality of Data 
3.9.1 Validity 
Validity can be defined as the degree to which a measurement measures what it purports to 
measure (Bolarinwa, 2015; Kimberlin & Winterstein, 2008). The questionnaires and 
instruments used for this project were examined by experts in the field in content, 
construction, standard and appearance and are validated in relation to the objectives of the 
research study and it answers the following: 
 The questionnaire measure what it supposed to measure 
  It represents the content   
  It was suitable for the population 
  The questionnaire meet the purpose and goals of the research study 
3.9.2 Reliability 
Reliability can be referred to the degree to which the results obtained by a measurement and 
procedure can be stable and consistent (Bolarinwa, 2015; Kimberlin & Winterstein, 2008). 
The QFFQ has been tested and used in previous studies in similar populations (Richter, 
2010). To ensure reliability, measuring instruments should internally validate for internal 
consistency, test and retest before use, interrater reliability and generalisability coefficient 
(Sullivan, 2011). 
3.10 Research Ethics 
The research study required ethical consideration in order to exercise care that the rights of 
individuals and institutions are protected. 
The informed consent form (ICF) integrates the core ethical principles of autonomy, 
beneficence, non-maleficence and justice that are required. The ICF (see Appendix 7) was 
given to the pregnant women who were interested in the study and eligible for inclusion at 
the recruiting clinics. They were therefore able to take the ICF home to read and discuss 
with family members. The pregnant women brought the ICF with to their first visit for data 
collection at RMMCH. The trained field-workers explained the ICF and made sure they 
understood the content of the form (the ICF was available in English, Afrikaans, Sotho, Zulu 
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or Xhosa) (see Appendix 9 for the English version only). Participants were given time to ask 
any questions before signing consent. Data was collected after the ICFs were signed. 
Ethical clearance has been obtained for the larger NuPED study from University of 
Witwatersrand (M150968) and North-West University (NWU-00186-15-S1) having the 
principal investigator (Prof Marius Smuts) and other investigators positioned in these 
institutions (see Appendix 8, 9 and 10). Similarly, permission was obtained from the Gauteng 
Department of Health, City of Johannesburg Health District along with permission from the 
Clinical Manager of RMMCH (see Appendix 11, 12 and 13). Likewise, ethical approval for 
the Master‘s study was granted by the College of Agriculture and Environmental Sciences 
Ethics Committee (UNISA) (2017/CAES/059) (see Appendix 14). 
Women were reimbursed for travelling and received an airtime voucher at each visit. They 
also received refreshments. Furthermore, a token of appreciation was given to participating 
women at the phase 3 visit of the larger study.  
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CHAPTER 4 
RESULTS AND DISCUSSION 
4.1 Introduction 
The aim of this project was to determine levels of maternal fish intake at early (<18 weeks 
gestation) pregnancy and their association with birth outcomes of pregnant women in 
Johannesburg, South Africa. The participants were sampled by means of consecutive 
sampling according to the study‘s inclusion and exclusion criteria as explained in Chapter 3.   
   
This chapter reports the results of the data analyses as tabulated, interpreted and evaluated, 
having the sampling size as n = 102 pregnant women. A total of 102 women were included 
in this study.  There were missing data in some instances as indicated in the tables. Data 
were missing because of a combination of the following reasons: some women did not give 
birth at RMMCH; approved amendments to questionnaires (to obtain country of birth and 
years living in South Africa); women lost-to-follow-up; or data not captured during data 
collection. 
 
4.2 Study sample characteristics 
The women included in this study were between the ages of 18 and 39 (Mean 28 ± 5 years). 
Most of the women (43.1%) were in the age category of 25 – 31 years. The mean height at 
<18 weeks gestation was 158.8±6.7cm and mean weight was 70.4±15.62kg. The 
participants‘ mean BMI at enrolment was 27.8±5.8kg/m2. Even though we do not have 
access to their pre-pregnancy BMI, the BMI at this stage of pregnancy is usually close to the 
pre-pregnancy BMI and the majority of women were in categories above normal weight, i.e. 
overweight (35.3%) and obese (29.4%). The South Africa Demographic and Health Survey 
(SADHS) conducted in 2016 and the South African National Health and Nutritional 
Examination Survey (SADHS, 2016; Shisana et al, 2013) by the Department of Health show 
that (68% and 40.1%) South African women were overweight or obese which was of high 
prevalence. In this study one in five women (29.4%) had a BMI ≥ 35.0kg/m2, placing them in 
the severely obese category. In this study, only two (2.0%) women were underweight. The 
mean gestation was 13.5±3 weeks at enrolment. Majority (77.5%) of the women were 
multigravida while this index pregnancy was the first for the remaining 22.5%. The study 
sample characteristics are summarized in Table 4.1.  
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Table 4.1: Study sample characteristics at study entry 
Weight (kg), mean (SD) (n=102) 
 
70.4 (15.6) 
Height (cm), mean (SD) (102) 
 
158.8 (6.7) 
Gestational age at enrollment (weeks), mean 
(SD) (n=102) 
 
13.5 (3.0) 
Maternal age (years) (n=102), frequency (%) 
 
Mean (SD) 
18 – 24 
 
27 (26.5%) 28.1±5.1 
25 – 31 
 
44 (43.1%) 
32 – 38 
 
31 (30.4%) 
Body Mass Index (kg/m
2
) (n=102), frequency (%) 
 
Mean (SD) 
Underweight <18.5 
 
2 (2.0%) 27.8±5.8 
Normal weight 18.5 – 24.9 
 
34 (33.3%) 
Overweight 25 – 29.9 
 
36 (35.3%) 
Obese ≥30 
 
30 (29.4%) 
Gravida (n=102), frequency (%) 
 
 
Primigravida  
 
23 (22.5%) 
Multigravida 
 
79 (77.5%) 
 
4.3 Socio-economic and demographic status 
The results presented in the table below describe the study sample in terms of socio-
economic and –demographic status. 
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Table 4.2: Socio-economic and -demographic status of the participants 
 
 
The study participants were mainly black African (88.1%), Zulu-speaking (31.7%) women 
born in South Africa (71.7%). Most of them were unmarried (44.6%), living in households of 
2 – 5 members (85.9%), wage-earning (47.5%) and had Grade 11 or 12 schooling (58.4%). 
None of the participants had living standards between levels 1 – 3, but most had living 
conditions at levels 4 – 6 (39.2%).  
 
 
 
Population group (n=101), frequency (%) 
 
Black African 89 (88.1%) 
Colored 9 (8.9%) 
White 2 (2.0%) 
Other 1 (1.0%) 
Home language (n=101), frequency (%) 
 
English 11 (10.9%) 
Xhosa 7 (6.9%) 
Zulu 32 (31.7%) 
Sotho 22 (21.8%) 
Other 29 (28.7%) 
Country of birth (n=92), frequency (%) 
 
South Africa 66 (71.7%) 
Zimbabwe 22 (23.9%) 
Lesotho 1 (1.1%) 
Swaziland 3 3.3%) 
Formal education level (n=101), frequency (%) 
 
Primary school 2 (2.0%) 
Grade 8-10 14 (13.9%) 
Grade11-12 59 (58.4%) 
Tertiary education 26 (25.7%) 
Marital status (n=101), frequency (%) 
 
Unmarried 45 (44.6%) 
Married 27 (26.7%) 
Living together 22 (21.8%) 
Traditional marriage 7 (6.9%) 
Employment status (n=101), frequency (%) 
 
Unemployed 47 (46.5%) 
Self-Employed 5 (5.0%) 
Wage-Earner 48 (47.5%) 
Self-employed Professional 1 (1.0%) 
Number of people living in household (n=99), frequency (%) 
 
Living alone 6 (6.1%) 
2 – 5 members 85 (85.9%) 
> 5 members 8 (8.1%) 
Living standards measure (LSM) (n=102), frequency (%) 
 
1 – 3 0 (0%) 
4 – 6 40 (39.2%) 
7 – 8  38 (37.3%) 
9 – 10  24 (23.5%) 
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4.4 Dietary intake   
The results of the analyses from the QFFQ were supplied and discussed in the sections 
below.  
4.4.1 Total energy, protein, fat and carbohydrate consumption per day 
The results presented in Table 4.3 describe the participants‘ consumption in terms of total 
energy, protein, fat and carbohydrate. 
 
Table 4.3: Total energy, protein, fat and carbohydrate consumption per day 
Total energy intake (kJ) (n=97), frequency (%) 
 
< 10000 28 (28.9%) 
 
10001 – 13000 20 (20.6%) 
 
>13000 49 (50.5%) 
 
Protein intake (g) (n=97), frequency (%) 
 
< 70 21 (21.6%) 
 
70 – 80 11 (11.3%) 
 
>80 65 (67.0%) 
 
Fat intake (g) (n=97), frequency (%) 
 
< 50 9 (9.3%) 
 
51 – 100 40 (41.2%) 
 
101 – 150 30 (30.9%) 
 
>150  18 (18.6%) 
 
Carbohydrate intake (g) (n=97), frequency (%) 
 
< 175 4 (4.1%) 
 
175 – 340 26 (26.8%) 
 
>340 67 (69.1%) 
 
 
Most participants had a total energy intake >13000kJ (50.5%). The estimated energy 
requirement (EER) for women in their second trimester is 11521kJ (IOM, 2005). Many 
women consumed more than the EER and may therefore explained the high overweight and 
obesity prevalence in this group. Most women had a total carbohydrate intake >340g 
(69.1%). The Recommended Dietary Allowance (RDA) for carbohydrate intake of pregnant 
women per day is 175g/day (IOM, 2005).  These results show that most women consumed 
more than the RDA (almost double the RDA) which might contribute to overweight and 
obesity among the group.  At a 50% carbohydrate intake of a recommended total energy of 
11500kJ, carbohydrate consumption can be up to 340g per day, however, most of the 
women consumed more than this. Majority of the participants‘ fat intake were between 51 – 
100g (41.2%) and most women‘s protein intake were >80g (67.0%). The RDA for protein 
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intake for pregnant women in the second trimester per day is 71g/day (IOM, 2005).  At a 
15% protein intake of a recommended total energy of 11500kJ, protein consumption can be 
up to 100g per day. Many women consumed more than the RDA for all the macronutrients, 
which might contribute to the high overweight and obesity among the participants. 
4.4.2 Fish consumption 
The results presented in Table 4.4 below indicated the participants‘ fish consumption per 
day. According to the Food-Based Dietary Guidelines for South Africa (FBDG-SA) 
(Schonfeldt et al, 2013) it is recommended to consume 2 – 3 servings of fish per week (80-
90g per portion). However, in order to compare our results with the works of others, the fish 
consumption categories are based on those presented by (Brantsaeter et al, 2012). These 
categories correspond to; rarely; (<5 g/day); <1 serving/week (5–20 g/day), 1–2 
servings/week (20-40 g/day), 2–3 servings/week (40-60 g/day) and 3 or more servings/week 
(>60 g/day). When seafood was eaten as bread spread the serving size was estimated as 
20–25g. 
In this study, 3.1% of the women consumed fish 2-3 times per week while the majority 
consumed fish rarely (76.5%).  Similarly, 1.0% consumed fatty fish 2-3 times per week and 
1.0% lean fish.  The average (median) fish intake was 4.8 g/d (0; 25) which falls in the ―rarely 
consume fish‖ category. 
 
Table 4.4: Fish consumption per day 
Total fish Fattyfish (g/d) (n=98) Leanfish (g/d) (n=98) 
(g/d) 
(n=97) 
 
Frequency % Median 
(25th; 75th) 
Frequency % Median 
(25th; 75th) 
Frequency % Median 
(25th; 75th) 
<5 75 76.5 4.8 (0; 25) 80 81.6 0.3 (0; 9.3) 83 84.7 0 (0; 8.4) 
 
5 – 20 13 
 
13.3  13 13.3  12 12.2  
20 – 40 0 
 
0.0  0 0.0  0 0.0  
40 – 60 3 
 
3.1  1 1.0  1 1.0  
>60 7 
 
7.1  4 3.9  2 2.0  
 
This study sample therefore had a very low fish intake. The reasons for the low fish 
consumption can be speculated as fish being expensive and the fact the inland consumers 
typically consume less fish than those residing at the coast. 
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4.5 Birth Results of the study sample 
The study birth outcomes included three miscarriages or intra-uterine foetal deaths (IUFD) 
for which, therefore, there were no birth data. There was also one neonatal death after early 
delivery, however, the new born data was available and one maternal death after delivery. 
  
The results presented in Table 4.5 contained the information about the gestational age at 
birth, neonatal birth weight, head circumference and crown heel length. 
 
Table 4.5: The anthropometric birth results of the study sample  
Gender (n=92), frequency (%) 
 
Boys 50 (54.3%) 
 
Girls  42 (45.7%) 
 
Gestational age at birth (weeks) (n=100), frequency (%) 
 
< 28 (very early preterm) 
 
1 (1.0%) 
 
28 – 32 (early preterm) 
 
2 (2.0%) 
 
32 – 37 (preterm) 
 
10 (10.0%) 
 
>37 (full term) 
 
87 (87.0%) 
 
Birth weight (g) (n=88), frequency (%) 
 
Mean  Mean for 
boys (SD) 
Mean for girls 
(SD) 
<2500  
 
11 (12.5%) 
 
2999.2  3157.3±571 2819.3±671 
2500 – 3999 
 
74 (84.1%) 
 
>4000  
 
3 (3.4%) 
Head circumference (cm) (n=87), frequency (%) 
 
Mean  Mean for 
boys (SD) 
Mean for girls 
(SD) 
≤ 31.49 
 
8 (9.2%) 
 
34.3  34.5±4.3 34.1±2.4 
31.50 – 35.81 
 
61 (70.1%) 
 
>35.81  
 
18 (20.7%) 
Crown heel length (cm) (n=80), frequency (%) 
 
Mean Mean for 
boys (SD) 
Mean for girls 
(SD) 
31 – 40 
 
3 (3.6%) 
 
49.4 49.8±4.9 49.3±4.3 
41 – 50 
 
45 (54.2%) 
 
>51  
 
35 (42.2%) 
 
 
In this study, 54.3% of the babies born were boys. Most of the infants (87.0%) were born at 
full term (37 weeks and above), 10.0% were born at moderate to late term (32 - 37 weeks) 
and 2.0% were born at very preterm (28 to 32 weeks) and 1.0% were born at extremely 
preterm (<28 weeks). Thus, the prevalence of premature birth in this study was 13.0%. This 
included spontaneous delivery as well as assisted delivery. The mean gestational age at 
birth was 38.8±2.4 weeks.  
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Internationally, an estimated 15 million babies are born preterm every year with the 
incidence ranging from 9.54% to 10.41% of live births (Word Health Organization (WHO), 
2015; Ferre et al, 2016)]. Thus the incidence of premature birth among this group seems to 
be somewhat higher than the global incidence. However, the information on the preterm birth 
and low birth weight of South Africa and Gauteng province were not available but the 
percentages of low birth weight of other Southern African countries are: Angola (12%) 2000, 
Botswana (13%) 2007, Lesotho (11%) 2009, Malawi (14%) 2010, Mozambique (17%) 2011, 
Namibia (16%) 2006 – 2007, Swaziland (9%) 2010, Zambia (11%) 2007 and Zimbabwe 
(11%) 2010 – 2011 (UNICEF, 2014). 
The results furthermore indicated that 84.1% of the babies had a normal birth weight 
between 2500 and 3999g, while 12.5% were low birth weight of <2500g and 3.4% were 
macrosomic (>4000g). The mean birth weight was 2998.2±624.4g, while there were 
significant difference between the birth weight of boy‘s birth weight mean 3157.3±571g and 
girls 2819.3±671g (p=0.015).  
With regards to the head circumference, 70.1% of the babies had a head circumference of 
31.50 – 35.81cm, 20.7% with a head circumference of >35.81cm and 9.2% of the babies 
had a head circumference <31.49cm. The head circumference mean was 34.3±3.6cm, with 
boys head circumference mean of 34.5±4.3cm and girls head circumference mean of 
34.1cm. According to Sutan et al, (2018) ―head circumference is used to monitor the growth 
of brain volume and is known to be a significant predictor of cognitive and intelligence 
development of a child‖. 
In this study, 20.7% of the new-borns were above the WHO head circumference-for-age 
growth standards at the 50th percentile for boys and girls (WHO, 2018); 70.1% between the 
5th and 25th percentiles while 9.2% were below the 3rd percentile (WHO, 2018). 
Studies have shown that crown heel length was a reliable and universal indicator of linear 
growth and nutritional status for infants from birth up to 2 years of age (Ismail et al, 2016). 
Likewise crown heel length was a predictor of perinatal mortality, with long infants being at 
higher risk of perinatal death (Fok et al, 2003).  The result indicated that 42.2% of the babies 
had crown heel length of >51cm, 54.2% with a crown heel length of 41 – 50cm and 3.6% of 
the babies had crown heel length of 31 – 40cm. 
 
4.6 Association between fish consumption and birth results 
The results presented in the Table 4.6 contained the information about the association 
between total fish consumption at early pregnancy and birth results. Correlation analyses 
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were conducted to examine the associations between total fish consumption in early 
pregnancy and birth weight, gestational age at birth, head circumference and crown heel 
length. 
 
There were no statistically significant associations between fish consumption at early 
pregnancy and birth outcomes such as gestational age at birth (r=0.051; p=0.625), birth 
weight (r=-0.043; p=0.695) and crown heel length (r=0.008; p=0.943). There was a positive 
association between maternal fish consumption in early pregnancy and head circumference 
of the new-born which tends towards statistical significance (r=0.193; p=0.079). 
 
Table 4.6: Association between total fish consumption in early pregnancy and birth 
outcomes 
 Correlation coefficient (r) 
 
p-value 
Gestational age at birth (weeks) 
 
0.051 0.625 
Birth weight (g) 
 
-0.043 0.695 
Head circumference (cm) 
 
0.193 0.079 
Crown heel length (cm) 
 
0.008 0.943 
 
4.7 Discussion of findings 
This study first examined the types and levels of maternal fish consumption at early 
pregnancy. The results show that maternal fish intake was generally low and majority of the 
pregnant women (76.5%) consumed fish rarely (<5g/day). Only 13.3% women consumed 
fish <1 times per week (5-20 g/day). Of those who consumed lean fish, only 2.0% had a 
serving of 3 times or more per week and 3.9% had fatty fish of 3 times or more per week. 
Thus lean fish were consumed more frequently. Even though average per capita fish intake 
may be little, the small amounts of fish can have a substantial positive nutritional impact by 
providing essential amino acids, fats and micronutrients. 
 
This study furthermore examined the association between fish consumption during early 
pregnancy and neonatal birth weight, gestational age, neonatal head circumference and 
neonatal crown heel length. This study observed a positive association between maternal 
fish consumption in early pregnancy and head circumference (r=0.193; p=0.079) which 
tends toward statistical significance. This was in agreement with earlier research of a 
Norwegian Mother and Child Cohort Study (Brantsæter et al, 2012), that increasing maternal 
fish consumption during pregnancy had showed a consistent increase in new-born head 
circumference. 
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This study indicated no statistically significant association between fish consumption at early 
pregnancy and gestational age at birth (r=0.051; p=0.625), birth weight (r=-0.043; p=0.695) 
and crown heel length (r=0.008; p=0.943). Likewise, the study of pregnant women in a 
Massachusetts US cohort study was in agreement with this study that omega-3 fatty acids 
and fish (seafood) intake were not associated with length of gestation or risk of preterm birth 
and concluded that fish (seafood) intake during pregnancy was associated with reduced 
foetal growth (Oken et al, 2004). 
The study birth outcomes results were not statistically significant, maybe because this study 
considered maternal fish intake at early pregnancy (<18 weeks) and birth outcomes. It 
should be considered that fish intake later in pregnancy may have significant effect on foetal 
growth.  Also, it is possible that there was no correlation in the birth outcomes results 
because the maternal fish intake at <18 weeks gestation was generally very low (total fish 
76.5%, fatty fish 81.6% and lean fish 84.7%). The small sample size is a further limitation. 
The health benefits of fish intake recognised in human studies (such as reduced risk of 
coronary heart disease mortality) are mostly related to consumption of species with a high 
content of omega-3 fatty acids (Mozaffarian, &. Rimm, 2006). The associations between 
maternal fish consumption and new born measures observed in this study are unlikely to be 
explained by fish (marine) omega-3 fatty acids because this study considered the total fish 
intake at early pregnancy. One likely explanation may be the composition of protein in fish. 
Bioactive peptides released from proteins upon intestinal digestion may modulate specific 
physiological functions in the human body (Erdmann et al, 2008). This study was not able to 
calculate concentrations of specific amino acids, but experimental studies have revealed that 
fish proteins fed to pregnant rodents have positively influenced insulin resistance and blood 
pressure in the offspring (Yahia et al, 2003; Tremblay et al, 2003). The associations 
determined by other authors, could therefore be due to the special composition of fish 
proteins or other substances or a combination of these. 
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CHAPTER 5 
CONCLUSION AND RECOMMENDATION 
5.1 Conclusion 
In this study of generally healthy, non-smoking pregnant women living in Johannesburg with 
mean BMI of 27.8±5.8kg/m2, it was found that most women had very low fish consumption.  
The birth outcomes such as gestational age at birth, birth weight and head circumference did 
not correlate with fish consumption at early pregnancy. Gestational age at birth and birth 
weight are significant determinants of neonatal and infant survival. 
 
Even though our study did not show an association between the specific birth outcomes, 
there are literatures supporting the consumption of fish during pregnancy.  The Food-Based 
Dietary Guidelines, guidelines for Norwegian pregnant women and the American Heart 
Association recommend including fish and seafood as part of a balanced diet, which may be 
of benefit to the pregnant women.  
 
3The lack of significant associations between maternal fish intake in early pregnancy and 
birth outcomes observed in this study could be a result of the very low quantity of fish 
consumed by the pregnant women as well as the study sample being small.  
5.2 Recommendations 
Implementation of the Food-Based Dietary Guidelines for South Africans (FBDG-SA), 
specifically for fish intake, should be encouraged in the context of heavy metal exposure. 
These recommendations could be emphasised to pregnant women attending antenatal care 
and even to the general public attending any health facility. People should be encouraged to 
consume two to three fish servings per week and preferably fatty fish. Equally important, all 
South Africans should be enlightening on the nutritional health benefits of fish intake. 
 
Likewise, future research into this topic should expand the regions of the data collections so 
that the results may be used for the general populate. 
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